Two studies were performed to determine the best medium for the isolation of anaerobes from vaginal secretions. In the first, three different medium bases (brucella, Centers for Disease Control [CDC], and Schaedler) were compared semiquantitatively for ability to support the growth of gram-negative anaerobes from vaginal fluid. Media were supplemented with laked sheep blood, kanamycin, and vancomycin. The brucella base agar formulation supported the growth of anaerobic gram-negative bacilli better than either the CDC or Schaedler base agar formulation. In a second study, nonselective brucella and CDC base sheep blood agar were compared for ability to support the growth of anaerobic gram-positive cocci. Anaerobic grampositive cocci grew in higher concentrations on CDC base agar than on brucella base agar. On the basis of these observations, we recommend that a CDC base sheep blood agar be used for the nonselective plate and a brucella base plate supplemented with laked sheep blood, kanamycin, and vancomycin be used for isolation of gram-negative bacilli in studies of the anaerobic flora of the female genital tract.
In 1984, we began a study of the effect of genitourinary tract microorganisms on pregnancy outcome. As part of this study, vaginal secretions were studied for the presence of aerobes, anaerobes, mycoplasmas, yeasts, and Trichomonas vaginalis. Three brucella agar base sheep blood media were used for the isolation of anaerobes, including a kanamycin and vancomycin (KV) selective plate with laked blood, a plate supplemented with phenylethyl alcohol (PEA), and a nonselective plate. Initially, all media were prepared in our laboratory, but midway through the study we changed to commercially prepared sheep blood medium, which used the Centers for Disease Control (CDC) agar base formulation (8) instead of the brucella agar base. Based on information contained in a standard text (1) , there was little reason to believe that this medium change would have any significant effect on isolation rates. Tests of both media, using quality control strains of Peptostreptococcus anaerobius, P. asaccharolyticus, and Bacteroides fragilis as well as parallel inoculation of clinical specimens for 2 weeks, did not indicate a difference in organism growth between the CDC agar base medium and our in-house-produced brucella agar base medium. However, several months after initiating the medium change, we noted an apparent decline in the Bacteroides species isolation rate. At the same time, our isolation rate of anaerobic gram-positive cocci appeared to have increased. Therefore, we undertook two studies to determine the optimal medium for recovering anaerobes from vaginal secretions. The first study was designed to determine the optimal agar base for the isolation of gram-negative anaerobes on KV media, and the second was designed to compare brucella and CDC agar bases for the isolation of anaerobic gram-positive cocci. A review of the literature revealed only a few comparative studies of selective media for isolation of anaerobes (1, 2, 4) . Even less information was available concerning differences in basal media (3, 4) . Murray (4) compared five basal media, including brucella agar and Schaedler agar, and found no significant differences * Corresponding author. among them, but he studied stock organisms rather than clinical isolates.
MATERIALS AND METHODS
Subjects. Normal pregnant women between weeks 23 and 26 of gestation were enrolled in the study at Charity Hospital in New Orleans, La., as part of a multicenter research protocol designed to determine the effect of various genitourinary tract microorganisms on pregnancy outcome. Specimens from 76 women were included in the study of anaerobic gram-negative rods (enrollment dates, 25 April 1988 to 16 May 1988), and specimens from 169 women were used in the study of gram-positive cocci (enrollment dates, 18 July 1988 to 22 August 1988).
Media. (i) Study 1. Brucella-based laked sheep blood KV agar was prepared in-house, using 43 g of brucella agar base (Difco Laboratories, Detroit, Mich.) with the addition of 5 g of hemin, 10 mg of vitamin K1, 100 mg of kanamycin, 7.5 mg of vancomycin, and 50 ml of laked sheep blood per liter of distilled water. Preparation of this medium has been described in detail by Sutter et al. (8) . Commercial brucella base KV medium was obtained from Scott Laboratories, Fiskeville, R.I. CDC agar base KV media were obtained from Scott Laboratories, from Remel, Lenexa, Kans., and from BBL Microbiology Systems, Cockeysville, Md. Schaedler agar base KV medium was obtained from BBL.
(ài) Study 2. Study 2 was designed to compare brucella base with CDC base sheep blood agar for the isolation of gram-positive anaerobes. Media used included CDC agar base anaerobic medium with 5% sheep blood with and without PEA (CDC-BA, CDC-PEA), obtained from BBL.
Anaerobic brucella base sheep blood agar (brucella-BA) was obtained from Scott Laboratories. Brucella base PEA blood agar was made in-house as described previously (1) .
Semiquantitative culture technique. Vaginal wash fluid was obtained by injection of 3 ml of prereduced sterile saline into the posterior vagina after insertion of a plastic speculum. The vaginal pool was then aspirated into a sterile syringe and transferred to a Port-a-Cul vial (BBL). Specimens were transported to the laboratory and plated to media within All media used in both studies were held in an anaerobic atmosphere for at least 4 h prior to inoculation. Each test plate was inoculated with 0.05 ml of vaginal wash and streaked to four quadrants for isolation. Semiquantitative growth of organisms was measured as 1+ to 4+ depending on the highest plate quadrant in which organisms were detected. Plates were incubated at 35°C in an anaerobic chamber (Forma Scientific, Marietta, Ohio), and all plates were examined for growth at 48 and 96 h. In study 1, all bacterial colonial morphotypes observed on each plate were noted and recorded, but purification and identification were carried out only for organisms growing in the third and fourth quadrants. In study 2, only organisms growing in the third and fourth streak areas of the nonselective plates under study were isolated and identified. One of the goals of the clinical study was the diagnosis of bacterial vaginosis, and the protocol we were following called for identification of only those anaerobes present in highest concentrations.
Organism identification. Organisms were first confirmed as anaerobes by inoculation to chocolate agar and incubation at 35°C in 5% C02 for 48 h. Isolates not growing on chocolate agar were Gram stained and tested for catalase production and fluorescence under long-wave UV. Pure anaerobic isolates were identified to the species level, using gas-liquid chromatographic patterns and Minitek (BBL) biochemical profiles (7, 8) .
RESULTS

Study 1: comparison of medium bases used in laked sheep
blood agar KV plates for isolation of gram-negative anaerobes.
Of 76 specimens evaluated, growth of anaerobic organisms was detected on at least one of the six KV plates in 57 (75%) of the specimens. Figure 1 shows the recovery of gramnegative morphotypes from the six KV plates by the highest quadrant in which growth was detected at 96 h. Growth in the third and fourth quadrants was observed more commonly on both brucella/KV plates than in any of the other four plates. Of the 76 patients studied, 32 had .3 + growth of anaerobic gram-negative rods on at least one of the six KV plates tested. Of these 32, 22 patients yielded one isolate, 8 yielded two isolates, and 2 yielded three or more isolates for a total of 45 organisms isolated at the .3 + level. All of these 32 women were diagnosed by Gram stain criteria as having bacterial vaginosis. The most common organism isolated was B. bivius (64%), followed by B. disiens (11%) ( Table 1 ). Figure 2 compares the recovery of different Bacteroides species in the third and fourth plate quadrants after 96 h of incubation on each of the KV plates tested. B. bivius was recovered more often in high concentration on both brucella base media tested than on any of the CDC or Schaedler base medium formulations. The numbers of B. disiens and other Bacteroides spp. isolated were small, and there was not a clear difference between the medium tested and its ability to support growth of these organisms in high concentrations, though the two brucella base plates clearly performed at least as well as any of the other four plates.
The total number of organisms growing in the third and fourth quadrants of either of the two brucella/KV plates was compared with the total number of organisms growing on all three possible combinations of two CDC/KV plates. Of the possible total of 45, 42 grew on at least one of the brucella/ KV plates, while the highest number growing on at least one of any two CDC/KV plates was 33 (P < 0.01 by McNemar the isolation of high concentrations of gram-positive cocci ( Table 2 ). Fifty-nine percent of all gram-positive cocci isolated in the third and fourth quadrants on any of the plates studied were isolated on CDC-BA medium compared with only 31% on brucella-BA medium. Recovery of Proteus sp. from vaginal wash specimens in this study was rare, and there was little difference in gram-positive anaerobe recovery between BA and PEA plates. Only three gram-positive anaerobes were identified in third and fourth quadrants of the CDC-PEA plate that were not present at the .3+ level on the CDC-BA plate. Another observation of interest was that, of the six Veillonella strains isolated in the third and fourth quadrants in this study, none grew on brucella-BA medium.
DISCUSSION Most microbiology textbooks recommend the use of a selective medium in addition to a nonselective medium for isolating anaerobic organisms from clinical specimens (1, 8) . These sources present several choices of agar base for use in these media without indicating which might be optimal for the recovery of specific organisms. Murray (4) evaluated five media (brucella, brain heart infusion, Columbia, Schaedler, and tryptic soy agar) for quantitative growth and rate of growth of anaerobic isolates and found that quantitative growth was similar on all media. Anaerobic tryptic soy agar is basically the same medium as the CDC base medium we used (5) . However, Murray studied laboratory-passed and -purified organisms rather than organisms direct from clinical specimens as reported here. The difference we found in the growth of organisms isolated directly from clinical specimens in the third and fourth streak areas implies that there is a difference in the ability of brucella, CDC, and Schaedler base media to support growth of some anaerobic species in primary isolation. Our studies have shown that brucella base agar supports the growth of anaerobic gram-negative rods on primary isolation from vaginal secretions consistently better than either CDC or Schaedler base agar media. The difference was most apparent with B. bivius, the most common gram-negative anaerobe in the female genital tract. If one takes into account growth in the first and second quadrants, the differences in overall anaerobe recovery among the various agar bases were not as apparent (Fig. 1 ), suggesting that the advantage of brucella base agar medium in supporting the growth of anaerobic gram-negative rods is quantitative rather than qualitative.
On the other hand, anaerobic cocci were more likely to grow in the third and fourth quadrants of CDC agar base medium than brucella agar base medium. Proteus was not a common organism in vaginal secretions in this study, so PEA selective agar did not improve gram-positive isolation rates compared with nonselective sheep blood agar. There are a few references in the literature to a new selective agar for anaerobic cocci, using nalidixic acid-Tween 80, which may provide better recovery of these organisms (2, 10) . These studies were done with a brucella base. It would be of interest to study this medium formulated with a CDC base which, as suggested by our observations, might be an even better medium for isolating anaerobic cocci.
On the basis of the observations reported here, we think that a CDC-BA plate with or without a CDC-PEA plate and a brucella/KV plate constitutes an optimal combination of nonselective and selective media for the recovery of anaerobes from vaginal secretions. This recommendation also should apply to studies of the bacterial flora of pelvic infections in women, as the primary source of these organisms appears to be the vagina (9) .
